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RELATIONSHIP OF SUBDERMALLY INJECTED C14-
TRIAMCINOLONE ACETONIDE TO THE OVERLYING SKIN*
A RADIOAUTOGRAPHIC STUDY IN MICE
ARPAD G. GERARD, M.D. AND WILLIAM R. KOZTJB, MS.
Subdermal (sublesional) injection of rela-
tiVely insoluble suspension of corticosteroids,
especially of triamcinolone, has proved to be
of distinct Value in the treatment of selected
cases of psoriasis and other dcrmatoses (1, 2,
3,4,5,6,7).
Clinical experience has demcnstrated that
the efficacy of the subdermal treatment is a
local one, but further understanding of the
mode of action of this technique is not well
understood. For this reason, interest was re-
newed in the study of the relationship of the
subcutaneous tissue to the overlying skin.
In a preliminary study (8), inert colloidal
gold was used, as radioactive triamcinolone
was not available. A suspension of colloidal
gold was injected subdermally in mice, and
in normal and in psoriatie human skin. This
experiment revealed that a part of the injected
material was transported and migrated to the
overlying corium. This finding gave further
understanding of the basic mechanism of the
subdermal treatment.
Since the "relatively insoluble" corticos-
teroids do not necessarily follow the same
patterns as the inert "insoluble" gold particles,
radioactive C14-triamcinolone acetonide was
injected subdermally in mice and its course
followed by radioautography.
MATERIALS AND METHODS
Materials.—Sterile aqueous suspension of tn-
amcinolonc acetonide labeled with C14 in the
acetonide grouping with a specific activity of 5.6
tc./ml. was used.t
Methods.—24 Swiss-Webster type young male
mice (average weight 20 gm.) were utilized. Each
animal received a single injection of 0.5 ml. of
the suspension into the loose subcutaneous tissue
of the middle of the back. The material was
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* From the Department of Pathology of the
Perth Amboy General Hospital, Perth Amboy,
New Jersey.
t This preparation was kindly supplied by Dr.
John T. Groel, Squibb Institute for Medical Re-
search, New Brunswick, N. J.
infiltrated in a fanwise fasluon in order to have
an evenly distributed area under the skin.
Skin specimens were excised from the injected
area for study. Biopsies were taken from two mice,
each time, at 15, 30 and 45 minutes, then at
1, 2, 3, 4, 6, and 24 hours, then continued at 2, 3,
and 5 days following injection. Also, skin biopsies
were removed from the abdomen at 2 and 6 hours,
and at 2 days following injection, to determine
the presence of radioactivity in uninjected sites.
Tissues were prepared in the standard way; 4
sections were placed on microscope slides. From
each biopsy specimen four sections were cut, thus
giving four sets of sections. Kodak Nuclear Track
Emulsion NTB-3 was melted at 36° C. for 1 hour
in a glass beaker under a Wratten No. 2 safe-
light. Sections were then dipped in this emulsion.
After drying, preparations were placed in light-
proof sealed black plastic bc'xes containing packets
of Drierite.
The boxes were covered with double aluminum
foil and stored at 4° C. Following exposure periods
of 1, 2, 3, and 4 months, each set of sections was
processed at 18° C., using Kodak D-19 developed
for 6 minutes, followed by a water stop bath (5
seconds); then fixed in Kodafix solution for 10
minutes; rinsed in a pan under running tap water
for 1 hour, followed by staining in the usual way
with hematoxylin only, and then mounted in
Permount under a cover slip. The sections were
examined for evidence of radioactivity, which was
visible as small dots. The 3 and 4 month ex-
posures gave the best results.
RESULTS
Since biopsies of a pair of mice, at each
time interval, were taken simultaneously, and
since the overall pattern of distribution of the
radioactive triamcinclone was essentially the
same in each pair of animals, they will be
discussed together.
The biopsy specimens removed 15 minutes
after injection showed no demonstrable radio-
active triamcinolone in the corium or in the
epidermis. In the sections taken at 30 minutes,
moderate amounts of radioactivity were visible
in the lower corium but not in the epidermis.
At 45 minutes, black dots were distributed
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Fio. 1. Skin biopsy of a mouse 45 minutes after 014-triamcinolone acetonide injection.
Radioactive dots are distributed throughout the whole corium, relatively more in the lower
than in the upper part. Dots are also visible in the epidermis (X 304).
. .
FIG. 2. Skin biopsy of a mouse one hour after Ci4triameino1one acetonide injection
showing radioactivity throughout the corium and the epidermis (X 304).
FIG. 3. Skin biopsy of a mouse 2 hours after C'4-triamcinolone acetonide injection showing
the corium with noticeably more radioactivity (X 304).
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Fio. 4. Skin biopsy of a mouse 3 days after C'4-triamcinolone acetonide injection showing
a marked decrease of radioactivity, about the level seen one hour after injection (X 304).
Fio. 5. Skin biopsy of a mouse 5 days after C14-triamcinolone acetonide injection showing
appreciably more radioactivity in the upper corium than in the lower (X 304).
throughout the whole corium, relatively more
in the lower than in the upper part. Dots were
also visible in the epidermis (Fig. 1).
One hour after injection, radioactivity was
distributed throughout the corium and the
epidermis (Fig. 2). The dots were seen both
intracellularly and extracellularly. In the 2
hour biopsy specimens, the finding was sim-
ilar, hut with more radioactivity (Fig. 3).
No further substantial changes were noted
in the 3, 4, and 6 hour specimens, and those
of 1, and 2 days. By 3 days there was a no-
ticeable decrease of radioactivity of the tn-
amcinolonc acetonide (Fig. 4), about the level
seen one hour after injection. The 5-day ma-
terial showed a decrease of radioactivity of
about 25%. In a few specimens there was ap-
preciably more radioactivity in the upper
corium than in the lower (Fig. 5). The biopsy
specimens removed from the uninjeeted site
of the abdomen at 2 and 6 hours and 2 days
following injection did not demonstrate any
visible evidence of radioactivity in any of the
sections.
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DISCUSSION
The subdermal infiltration of relatively
insoluble corticosteroids is effective only when
steroids are infiltrated in the upper layer of
the subcutaneous tissue. Their effect is a local
one, limited to the area treated. When inject-
ing the hormone into the deeper layer, the
results are spotty and uneven, and when in-
jected deep into the subcutaneous tissue,
there is no local effect. Furthermore, it was
noted that the water-soluble corticosteroids in-
jected in any layer of the subcutaneous tissue
were always ineffective.
The mode of action with this technique is
not well understood, but it was apparent that
prolonged presence and slow absorption of the
hormone is necessary for local effect. This
could be achieved with the relatively insoluble
corticostcroids but not with the water-soluble
steroids. The clinical evidence of this local
effect was contradictory as related to skin
physiology. It is well known that the skin is
provided with a closed lymphatic system de-
signed for the important processes of absorp-
tion. The current of this system flows cen-
tripetally to the larger vessels beneath the
skin (9). There is no evidence that an active
centrifugal flow direction exists. For this reason
the subcutaneously injected materials are even-
tually absorbed and carried to the systemic cir-
culation; hence we did not attempt previously
to inject drugs subcutaneously for local effect in
skin diseases.
Because of these contradictory facts we are
confronted with the following question: Is it
possible that the corticosteroid-responding
dermatoses are basically diseases of the subcu-
taneous tissue, more precisely, the upper
layer? Since in most skin diseases very little
change, if any, can be detected in the sub-
cutaneous tissue, whereas, in nearly all in-
flammatory diseases of the skin, the corium
and the epidermis are primarily and exten-
sively involved in the pathologic processes,
this hypothesis is not tenable. Hence it is
reasonable to assume that the primary action
of the subcutaneously deposited hormone is
not a direct effect on the subcutaneous tissue
or its absorption in the general circulation.
Therefore, further information was necessary
regarding the sequence of events between the
subdermally deposited corticostcroids and the
overlying skin.
In a pilot study by Gerard and Tyler (8)
in which a suspension of colloidal gold was
injected subdermally in mice and in normal
and psoriatic human skin, migration and trans-
portation were observed from one-half hour to
28 days with the light and electron microscopes.
Their experiments revealed that part of the in-
jected inert and insoluble gold moved uniformly
in a centrifugal direction up to the basement
membrane, infiltrating the whole corium. The
basement membrane acted as a barrier re-
stricting the penetration of the gold into the
epidermis.
Our experiment similarly revealed that part
of the subdermally injected triamcinolone ace-
tonidc or its metabolites moved continuously
and uniformly in a centrifugol direction, in-
filtrating the whole corium as well as the
whole epidermis, but penetrating the basement
membrane without difficulty. This continuous
centrifugal movement continued at a lesser
degree on the 5th day, at which time observa-
tion was terminated. In comparing this result
and that with the insoluble gold granules, we
found no difference in the centrifugal move-
ment. One distinct difference was noted,
namely, that the basement membrane does not
allow penetration of larger size particles, such
as colloidal gold, but in the case of tn-
amcinolone there was no barrier.
This experiment further confirmed our clin-
ical findings that the anti-inflammatory effect
of the subdermal technique is a local one, as
evidenced by the biopsies from the uninjcctcd
sites, whicb did not show any radioactivity
of triamcinolonc.
In final analysis these experiments demon-
strated that the relatively insoluble corticos-
teroids will be slowly released from the depot
and a part of this hormone or its mctabolites
move centrifugally, infiltrating the corium
and epidermis. This movement continues for
days and probably for weeks and its prolonged
presence reverses the local pathologic processes
of the diseased skin.
5UMMAnY
To investigate the relationship of the sub-
dermally injected, relatively insoluble corti-
costeroids to the overlying skin, a suspension
of C14-labeled triamcinolone acetonide was in-
jected subdermally in mice and studied by
radioautography. Sequential changes were oh-
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served from 15 minutes to 5 days by light
mioroscope.
These experiments revealed that a part of
the injected hormone moved continuously and
uniformly in a centrifugal direction, inifi-
trating the overlying corium and epidermis.
This movement continued at a lesser degree
on the 5th day, at which time observation
was terminated. The examined skin biopsies
from the uninjected sites did not show radio-
activity.
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